Background: Canine visceral leishmaniasis (CVL) is endemic in São Luís Maranhão/Brazil and it leads a varied clinical picture, including neurological signs. Results: Histopathological evaluation showed that 14 dogs exhibited pathological alterations in at least one of the analyzed areas. Of these, mononuclear inflammatory reaction was the most frequent, although other lesions, such as hemorrhage, chromatolysis and gliosis were also observed. The presence of L. infantum amastigotes was confirmed in eight dogs, identified in four regions: telencephalon, hippocampus, thalamus and caudal colliculus, but only one presented neurological signs. Polymerase chain reaction results detected the DNA of the parasite in 11 samples from seven dogs. The positive areas were the telencephalon, thalamus, hippocampus, cerebellum, caudal and rostral colliculus. Conclusion: These results reveal that during canine visceral leishmaniasis, the central nervous system may display some alterations, without necessarily exhibiting clinical neurological manifestations. In addition, the L. infantum parasite has the ability to cross the blood brain barrier and penetrate the central nervous system.
Background
Canine visceral leishmaniasis (CVL) is a chronic and progressive disease, characterized by the dissemination of the parasite through various organs. The amastigote forms of Leishmania, however, are found mostly in the mononuclear phagocytic system organs, such as the spleen, lymph nodes, liver and bone marrow [1] [2] [3] [4] .
The blood-brain barrier (BBB) is a dynamic and functional structure that separates the central nervous system from the systemic circulation and is required for maintaining neuronal function [5] . It has been believed for some time that Leishmania parasites were unable to cross the BBB. However, in 1996, the presence of Leishmania donovani amastigote forms in the cerebrospinal fluid (CSF) was described for first the time in a human patient [6] . Since then, the central nervous system has become the subject of many studies seeking to confirm that Leishmania species cross the BBB and cause pathological alterations and clinical neurological signs [8, 10, 11, 20, 22] .
A study with dogs positive for visceral leishmaniasis, demonstrated the presence of anti-Leishmania antibodies in the CSF, that alterations in the nervous tissue of these animals can occur and this may result in a form of the disease known as "cerebral leishmaniasis" [7] . Experimental studies in mice infected with Leishmania amazonensis, associated with the cutaneous form of leishmaniasis in humans, described the occurrence of brain lesions with discrete hyperemia and inflammatory infiltrates in the meninges, composed of mononuclear cells and neutrophils [8] .
Another study using an experimental model of infection in hamsters with Leishmania sp. identified the dissemination of the parasite in a number of organs. The main finding of the study was the high percentage of animals with parasites in the central nervous system [9] .
Neurological signs following natural infection in dogs were described in a case of acute paraplegia associated with vasculitis [10] . In this study, post-mortem examination revealed a large area of hemorrhaging on the nervous tissue of the spinal cord, together with thrombus and a mixed inflammatory cell infiltrate. Many other neurological signs, suggesting the widespread involvement of the central nervous system, had already been observed through a rigorous clinical evaluation. These included convulsions, blindness, signs of vestibular and cerebellar involvement (tilted head, nystagmus, motor incoordination, and tremors), paraparesis, tetraparesis, tetraplegia and myoclonia [11] .
Therefore, the aim of this study was to evaluate histopathological alterations and verify the presence of L. infantum in specific areas of the encephalon of naturally infected dogs, in order to verify if this parasite results in tropism in a certain region of the central nervous system.
Methods

Animals
This study was performed at the Veterinary Hospital of the Universidade Estadual do Maranhão, Brazil, in accordance with the Ethics Committee on Animal Experimentation (protocol number 05/2006). The dogs owners signed and informed consent form. Fifteen male and female mongrel dogs from São Luís Island, an L. infantum endemic area took a part of this experiment. All animals were positive for L. infantum for direct parasitological examination (bone marrow aspiration) and serological test (ELISA). After clinical evaluation, the animals received 2% xylazine as premedication (0.1 mL/kg intravenously) and 2.5% thiopental as an anesthetic. After a latency period of 5 min, euthanasia was performed by injecting 10% potassium chloride intravenously. Necropsy was then carried out for brain removal.
Histopathological and immunohistochemistry analysis
The entire encephala of the dogs were removed and fixed in 10% buffered formalin for 24 h. After that, fragments of the cerebellum, cerebellar peduncle, rostral colliculus, caudal colliculus, thalamus, hippocampus, and telencephalon were obtained, submitted to histological processing, and stained by the standard Hematoxilyn-eosin method. For immunohistochemical analysis, sections of 5 μm were fixed on silanized slides and the streptavidin-peroxidase method was performed [12] .
DNA extraction from paraffin-embedded samples
Sections (10 μm) of each tissue sample were collected in microtubes to remove paraffin with xylol. Next, the tissues were rehydrated using decreasing concentrations of ethanol and the supernatant was removed. A total of 200 μL of lysis buffer and 20 μL of proteinase K (20 mg/ml) were added as described by Pikor et al. [13] . The extraction was carried out using the phenol-chloroform-isoamylic alcohol method. The extracted DNA samples were resuspended in 15 μL of ultrapure water and stored at −20°C until use as previously described by de Lima [14] .
Polymerase chain reaction (PCR)
The extracted DNA was amplified in a thermocycler using the primers RV1 (sense; 5′-CTTTTCTGGT CCCGCGGGTAG-3′) and RV2 (antisense; 5'CCACC TGGCCTATTTTACACCA-3′). This targets a conserved region of L. (L.) infantum kDNA and produces a fragment of approximately 145 base pairs. Positive and negative controls were used in each reaction. The PCR products were analyzed on 1% agarose gel with a molecular weight marker of 100 bp (1Kb DNA ladder Promega®) [15] .
Isolation and characterization of the parasites
Parasites were isolated from bone marrow and cultivated in Novy Macneal Nicolle medium (NNN) and posteriorly sent to Laboratory of Immunomodulation and Protozoology/ IOC -FIOCRUZ, incubated at 26 to 28°C and examined weekly. Positive cultures were sent to the National Reference Laboratory for Leishmania (CLIOC) of the Oswaldo Cruz Institute to characterize the Leishmania species using the enzyme electrophoresis technique [16] .
Results
The isolated parasites were characterized by the technique of isoenzyme electrophoresis as identified L. infantum. The animals used in the present study displayed at least one clinical sign compatible with visceral leishmaniasis, only one animal showed signs of neurological disease. The most frequently observed clinical signs were cutaneous lesions (86.6%) and cachexia (66.6%). In post-mortem evaluation, hepatosplenomegaly and lymphadenopathy, present in 86.6% of the dogs, were the most frequent alterations.
Histopathological analysis revealed that 93.3% of the animals had lesions in at least two of the analyzed brain regions. These lesions were distributed in the telencephalon, hippocampus, rostral colliculus and cerebellum. Lymphoplasmocitary inflammatory reaction was the most frequent lesion (37.1%) associated with rare amastigotes, Gitter cells also were frequent among inflammatory cells (Fig. 1. hemorrhages (10.4%) , gliosis (4.7%) and chromatolysis (3.8%) were also observed.
Immunohistochemical analysis detected amastigote forms in seven dogs. The amastigotes were associated with an inflammatory reaction in all the animals (Fig. 1c) . Parasites were found in four different regions: the thalamus (n = 3), telencephalon (n = 3), hippocampus (n = 2) and caudal colliculus (n = 2).
Polymerase chain reaction detected parasite DNA in 11 samples from seven dogs. The positive encephalic regions were the telencephalon (n = 3); thalamus (n = 2), hippocampus (n = 2); cerebellum (n = 2); caudal colliculus (n = 1) and rostral colliculus (n = 1). All positive samples in PCR also presented some histopathological changes, such as inflammatory reaction composed by mononuclear cells.
Discussion
During Leishmania infection the BBB may be damaged, allowing that amastigotes reach brain parenchyma, where an intensive inflammatory reaction can be observed. The mechanisms by which this process occurs remain unknown, however, some intracellular bacteria, such as Listeria monocytogenes seem to cross the BBB inside leukocytes, a mechanism known as "Trojan horse" [17, 18] . Abreu-Silva et al. [8] suggest that Leishmania uses this strategy to penetrate the brain parenchyma.
Inflammatory reaction during canine visceral leishmaniasis was also observed by Ikeda et al. [11] , who analyzed brains of dogs with and without neurological signs and described degenerative alterations with neuronophagia, gliosis, leptominingitis, vascular congestion and the presence of a perivascular lymphoplasmacytic infiltrate and areas of micro-hemorrhages.
Melo et al. [19] evaluated the presence of leukocytes in the brains of dogs with VL, and observed significant inflammatory lesions consisting of lymphocytes, macrophages, plasma cells and some neutrophils. An immunohistochemical study showed that CD3+ T lymphocytes are important components of the inflammatory infiltrate present in the choroid plexus, meninges and perivascular brain parenchyma. Moreover, the cytokine profile identified high expressions of IL-1β and TNF-α, which are considered key factors for the beginning, maintenance and persistence of inflammation [20] .
Leishmania amastigotes in the CNS of dogs with visceral leishmaniasis were previously described by [21, 22] . Other studies, despite the observation of histopathological alterations in the CNS of dogs during visceral leishmaniasis, failed to verify the presence of Leishmania amastigotes [11, 19, 20, [23] [24] [25] . Some authors explain these contradictory findings by the chronicity of the disease, arguing that the presence of Leishmania in the CNS has generally been demonstrated in dogs with an earlier infection, either because of delayed diagnosis or by the choice of treatment for the infected dogs, as in two studies in the Mediterranean region [11, 24] . In fact, here we observed that animals that presented amastigote forms in the CNS had clinical signs such as 
Conclusion
Dogs naturally infected L. infantum can present alterations in the CNS due mononuclear inflammatory infiltrate. Furthermore, Leishmania parasites have unknown mechanisms that allow their entrance into the CNS, and show no preference for a specific region of the system. 
